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Description
FIELD OF THE INVENTION

[0001] The invention relates to the field of glare pro-
tection devices. It relates to a glare protection device and
a welding mask as described in the preamble of the cor-
responding independent patent claims.

BACKGROUND OF THE INVENTION

[0002] Glare protection or dazzle protection devices
are, for example, used in welding protection masks, hel-
mets or goggles. In order to adapt to varying brightness
conditions, active electro-optical cells or filter elements
are used. Electro-opticalfilter devices for glare protection
typically comprise a liquid crystal cell or LC-cell which is
controlled to block light transmission to a greater or lesser
extent when a light sensor detects harmful radiation or
an activity leading to harmful radiation, for instance by
sensingalightintensity exceeding a predefined threshold
level and/or exhibiting certain dynamic properties such
as jitter or flickering.

[0003] An importantissue in the development of elec-
tro-optical glare protection devices is the speed, at which
the filter switches from a bright to a dark state, in order
to minimize eye irritation, thus increasing the comfort and
safety of the user. A further issue is the viewing angle
dependency of the amount of transmitted light, which
should, within a certain range of angles, be as small as
possible, corresponding to a uniform transmission over
varying viewing angles.

[0004] US 6,727,968 B1 describes devices/configura-
tions presenting weak anchoring on at least one surface,
and methods for realizing low anchorage energies. Re-
duced "on"-switching time, and reduced threshold level
leading to lower power consumption are disclosed as
well. US 6,327,017 B2 and related publications describe
the realization of a bistable device using low anchoring
energies.

[0005] An analysis of weak-boundary-coupling effects
in liquid-crystal displays, is given in Nehring, J.; Kmetz,
A.R.; Scheffer, T., J. Journal of Applied Physics, Volume
47, Issue 3, March 1976, pp.850-857. The article de-
scribes fundamentals for weak anchoring cells, in partic-
ular reduced "on" switching speed, and low threshold lev-
el.

[0006] Itis therefore known from the prior art that such
a weak anchoring may be applied to reduce "on" switch-
ing speed, and the power consumption.

DESCRIPTION OF THE INVENTION

[0007] Itisthe objectof the presentinvention to provide
special arrangements of such cells for use in glare pro-
tection devices and welding masks making use of these
advantages. Another object of the invention is to provide
anti-glare devices presenting low angular dependence
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of their transmission in the dark state.

[0008] These objects are achieved by a glare protec-
tion device and a welding mask according to the corre-
sponding independent patent claims.

[0009] The glare protection filter for a welding mask or
welding protection device comprising an electro-optical
light filter comprising at least one electro-optical cell by
which an amount of light transmitted through the filter is
reducible, wherein atleast a first one of the electro-optical
cells comprises two parallel transparent plates having
transparent electrodes on the inner surfaces thereof and
containing a liquid crystal material. Orientation layers de-
fine an anchoring of the liquid crystal material with respect
to the electrodes or plate. Upon application of a voltage
of less than 30V to the electrodes, the bulk liquid crystal
molecules change their orientation due to the interaction
of the electric field with the anisotropic molecules, as is
known in currentliquid crystal cells. In addition, according
to the present invention, the molecule orientation in the
liquid crystal material near at least one of the orientation
layers is subject to rotation of at least 10°. In a preferred
embodiment of the invention, the rotation of the molecule
orientation is at least 20° or at least 45°, and the voltage
applied is less than 20V or less than 5V.

[0010] The rotation of the surface molecule orientation
is a result of weak anchoring at the orientation layer sur-
face. Weak anchoring at a surface is characterized by
the rotation of the director alignment i.e. molecule orien-
tation at this surface upon application of a voltage above
a certain level. Without this, at the surfaces, the molecule
orientation remains fixed due to the strong chemical and
physical bonds between molecules and surfaces. The
low anchorage energy may affect the zenithal or the az-
imuthal anchorage energy, or both. A strong anchoring
means e.g. that voltages below 30V effect an orientation
change of less than 1°. Here, and for other references to
cell voltage, typical plate distances are 2 to 10 microm-
eters.

[0011] Using polarizers, and adapting the distribution
of molecule orientation within the cell (called director pro-
file) in the activated and inactivated state to the require-
ments of the application, the optical characteristics of the
cell can be adjusted in a way to obtain an electro-optical
filter or shutter reducing the amplitude of the transmitted
light. The light attenuation may either be continuously
variable, or operating in an on/off mode, for instance by
using bistable cells such as described in the initially ref-
erenced US 6,327,017 B2.

[0012] Cells using low anchorage energy may be, but
are not restricted to: HAN cells (nematic without twist,
acting as electro-optically tunable retarder), twisted
nematic cells with 90° twist or low twisted (less than 90°)
or high and supertwisted (more than 90°), Vertically
aligned nematic (VAN), bistable devices as described in
the initially referenced patents, and also ferroelectric and
cholesteric devices.

[0013] The use of weak anchoring layers within these
cells, according to the present invention, allows for tuning
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the electro-optical response of the cells to the require-
ments of anti-glare devices, especially concerning fast
switching times, low power consumption, and, surpris-
ingly, low viewing angle dependence. Thus anti-glare de-
vices with superior performance than state-of-the art de-
vices can be built.

[0014] In a preferred embodiment of the invention, the
glare protection device comprises a second electro-op-
tical filter that is based on well known liquid crystal tech-
nology such as twisted-nematic cells. Here, as in other
embodiments in which two or more electro-optical filters
are present, they are arranged in a serial configuration,
i.e. such that light passes through both of them and the
reduction of transmitted light is achieved by the cumula-
tive effect of both filters. For achieving the desired dark
state, the first cell is switched to its blocking state, and
the transmittance of the second cell is adjusted according
to the intensity of light that is to be reduced. This embod-
iment allows on the one hand for a higher class of pro-
tection thanks to the two filters, and on the other hand
for lower overall power consumption. Furthermore, the
combination of filters may be controlled as to provide fast
"on" switching of one cell, providing a minimum protection
level, and then controlling and adapting the darkening by
means of the other cell. Correspondingly, the protection
device comprises a control means configured to control
at least one of the second and first electro-optical cells
to have a continuously varying transmittance.

[0015] In afurther preferred embodiment of the inven-
tion, the second electro-optical cell is one of a ferroelec-
tric or a cholesteric cell.

[0016] In afurther preferred embodiment of the inven-
tion, the second electro-optical cell is structured in the
same manner as the first one, in particular with at least
one weak anchoring layer. It may have the same param-
eters, or the parameters may differ. This embodiment
allows on the one hand for a higher class of protection
thanks to the two filters, and has an improved viewing
angle tolerance, since light leakage within one filter (at
certain viewing directions) are compensated for by higher
attenuation within the other filter, and vice versa.
[0017] In afurther preferred embodiment of the inven-
tion, each of the two electro-optical cells comprises a
weak orientation layer at which said rotation of molecules
takes place, and an opposing strong anchoring layer at
which the molecules remain aligned with the anchoring
direction. The directions of the strong anchoring layers
are at least approximately opposed to one another, i.e.
when viewed in a projection on the plane defined by the
cell.

[0018] In a further preferred embodiment, both of the
orientation layers within at least one cell are weak orien-
tation layers at which said rotation of molecules takes
place. The anchoring may be of approximately same
strength resulting in approximately the same rotation up-
on application of a certain voltage, or may differ in
strength such as different rotation angles result.

[0019] The glare protection device according to the in-

10

15

20

25

30

35

40

45

50

55

vention may further comprise additional filters for infrared
and/or for ultraviolet light, and/or retarder foils placed be-
tween LC and polarizer(s) for compensating for viewing
angle dependency.

[0020] A welding mask according to the invention com-
prises a glare protection device according to the inven-
tion. In addition to welding applications, the invention is
also suited for application in other eye protecting devices
such as sunglasses, and in devices where light or image
sensors are to be protected from an excess of light.
[0021] Further preferred embodiments are evident
from the dependent patent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The subject matter of the invention will be ex-
plained in more detail in the following text with reference
to preferred exemplary embodiments which are illustrat-
ed in the attached drawings, which schematically show,
in

Figure 1  a cross section of an electro-optical filter ac-
cording to the invention;

Figure 2  relevant orientations of the arrangement ac-
cording to Figure 1;

Figure 3  a preferred configuration;

Figure 4  a further preferred configuration; and

Figure 5 an exemplary voltage trajectory for control-
ling electro-optical cells.

[0023] The reference symbols used in the drawings,

and their meanings, are listed in summary form in the list
of reference symbols. In principle, identical parts are pro-
vided with the same reference symbols in the figures.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0024] Figure 1 schematically shows a cross section
of an electro-optical light filter 10 comprising an electro-
optical cell comprising two parallel transparent plates
having transparent electrodes on the inner surfaces
thereof and containing a nematic liquid crystal material,
means defining an anchoring for each plate, and means
controllable to break at least one of the anchoring.
[0025] The filter 10 comprises a first polariser 11, a
first substrate, such as a glass plate 12, a first electrode,
such as an indium tin oxide (ITO) layer 13, a strong ori-
entation or anchoring layer 14, a layer of nematic liquid
crystals 15, a weak orientation layer 16, a second ITO
layer 17, a second substrate 18 and a second polariser
19. The nematic cell is constituted by said components,
with the exception of the polarisers 11, 19. The filter is
controlled by a voltage source 30.

[0026] In a preferred embodiment of the invention, a
cell, and in particular its second ITO layer 17, is not struc-
tured into a plurality of pixels but is controllable in its
entirety, that is, over its entire active surface, by a single
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signal.

[0027] The scheme in figure 1 shows the layers rele-
vant to the present invention. In the actual implementa-
tion, the cell arrangement may contain further layers,
such as electrically insulating layers between the ITO
and orientation layers.

[0028] Figure 2 shows relative orientation angles for
the arrangement according to Figure 1, as viewed in the
direction perpendicular to the cell plane. Given an orien-
tation 31 of the first polarizer 11 as a reference, the sec-
ond polarizer 19 has its orientation 32 at an angle «,
which preferably is at least approximately 90 degrees.
For a nematic cell with parallel orientation layers, their
common orientation 33 is the angle B, which is preferable
at least approximately 45 degrees, with respect to the
orientation 31 of the first polarizer 11.

[0029] Figure 3 schematically shows another pre-
ferred embodiment of the invention, in which two of the
electro-optical filters 10, 20 are stacked on each other,
i.e. in a serial configuration. For clarity, the substrates,
electrode and orientation layers are not drawn individu-
ally. Instead the direction and strength of the orientation
layers is indicated, a thick arrow representing a strong
orientation layer, and a thin arrow representing a weak
orientation layer.

[0030] The second filter 20 is structured in the same
manner as the first 10, with a liquid crystal layer 25, glass
substrates, ITO layers, orientation layers (substrate, ITO
and orientation layers are not depicted) and polarisers
21, 29. The polariser 21 adjacent to the second polariser
19 of the first filter 10 may be omitted and its function
taken over by said second polariser 19.

[0031] In a preferred embodiment, the two filters 10,
20 are two horizontally aligned nematic (HAN) cells, each
having a weak and a strong anchoring layer running in
the same direction and parallel to one another, or at an
angle smaller than 10 degrees. The strong anchoring lay-
ers both face the inside of the device The device further
comprises polarising plates in between and outside the
two electro-optical cells, the polarising angles of which
are at an angle of at least approximately 45°, or at an
angle between 35 and 55 degrees, with respect to the
direction of the closest (nearest, neighbouring, adjacent)
orientation layer. In a further preferred embodiment of
the invention, cells of different type are combined, in par-
ticular a twisted nematic cell and a HAN cell.

[0032] In another preferred embodiment of the inven-
tion, a first orientation layer of the first filter 10 is the weak
orientation layer, and a second orientation layer of the
first filter 10 is the strong one, a first orientation layer of
the second filter 20 is the strong orientation layer, and a
second orientation layer of the second filter 20 is the weak
one. Thus, the first and second electro-optical cells are
oriented with the strong anchoring layer of the first cell
being adjacent to the strong anchoring layer of the sec-
ond cell - and separated of course by the corresponding
electrodes, glass substrates (not depicted) and one or
two polarisers 19, 21.
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[0033] In another preferred embodiment of the inven-
tion, the first orientation layer of the first filter 10 is the
strong orientation layer, and the second orientation layer
of the first filter 10 is the weak one, the first orientation
layer of the second filter 20 is the weak one, and the
second orientation layer of the second filter 20 is the
strong one. Thus, the first and second electro-optical
cells are oriented with the weak anchoring layers of the
two cells being adjacent to each other. In another pre-
ferred embodiment of the invention, the strong anchoring
layer of one of the two cells are adjacent to the weak
anchoring layer of the other.

[0034] For another embodiment, in which the inactive
state of the device is a darkened or "black" state, and
activating the cells makes the device transparent, one or
more of the polarising plates 11, 19, 29 are rotated.
[0035] Figure 4 shows a further preferred configura-
tion: The glare protection device comprises two twisted
nematic cells 10, 20, each having a weak and a strong
anchoring layer running at a right angle to one another,
or at an angle between 60 and 120 degrees, The strong
anchoring layers both face the inside of the device. The
device further comprises polarising plates in between
and outside the two electro-optical cells, the polarising
angles of which lie at least approximately at a right angle,
or at an angle between 80 and 100 degrees, with respect
to the direction of the neighbouring orientation layer(s).
Furthermore, the orientations of the inner anchoring lay-
ers are mutually opposed by at least approximately 180°,
or at an angle between 170° and 190°, and the orienta-
tions of the outer anchoring layers are also mutually op-
posed by at least approximately 180°, or at an angle be-
tween 170° and 190°. In another variant of this configu-
ration, the strong anchoring layers both are oriented to-
wards the outside of the device.

[0036] In a preferred embodiment of the invention, the
polarisers 11, 19, 21, 29 are high contrast polarisers, the
cell gap of the LC cells 10, 20 lies in the range from 1 to
2 and preferably 1.5 micrometers, and the the LC material
is 5CB (pentylcyano-biphenyl).

[0037] The transmittance of one or both of the first and
second filters 10, 20 is controlled by a voltage source
configured to provide either a constant DC voltage, a
variable DC voltage, or a periodic voltage signal with at
least one of a variable amplitude, a variable frequency,
and a variable pulse shape.

[0038] Figure 5showsanexemplary voltage trajectory
Uc comprising a series of pulses of opposing polarity and
having a pulse period tp. The very first pulse comprises
an initial, higher level pulse of a switch-on time td. At the
beginning of the switch-on time td the voltage rises to a
switch-on amplitude A1 (which is positive or negative,
according to pulse polarity) and then sinks to a lower
amplitude A2 and remains there for the activation time
tr, until an inverted pulse occurs. The remaining pulses
are ordinary square pulses with negative and positive
polarity.

[0039] In preferred embodiments of the invention,
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e tp may vary from 1 ms to 10s.
e trmay vary from 0 to 100% of tp.
* A2 may vary from 1xA1 to 50x A1.

[0040] In a preferred embodiment of the invention, no
special switch-on amplitude A1 is required, since the op-
tical cells switch fast enough. Preferably, the first and
second electro-optical cells are arranged to be controlled
by the same voltage signal (Uc).

[0041] While the invention has been described in
present preferred embodiments of the invention, it is dis-
tinctly understood that the invention is not limited thereto,
but may be otherwise variously embodied and practised
within the scope of the claims.

Claims

1. A glare protection device comprising an electro-op-
tical light filter (10) comprising at least one electro-
optical cell (12, 13, 14, 15, 16, 17, 18) by which an
amount of light transmitted through the filter is re-
ducible, wherein at least a first one of the electro-
optical cells comprises two parallel transparent
plates (12, 18) having transparent electrodes (13,
17) on the inner surfaces thereof and containing a
liquid crystal material (15), and orientation layers (14,
16) defining an anchoring of the liquid crystal mate-
rial (15), characterised in that, upon application of
a voltage of less than 30V to the electrodes (13, 17),
the molecule orientation in the liquid crystal material
(15) at the surface of at least one of the orientation
layers (14, 16) is subject to a rotation of at least 10°.

2. The glare protection device of claim 1, wherein the
rotation of the molecule orientation is at least 20° or
at least 45°.

3. Theglare protectionfilter of claim 1 or claim 2, where-
inthe voltage appliedis less than 20V orless than 5V.

4. The glare protection device of one of the preceding
claims, whereinthe angle of rotationis azenith angle,
i.e. the angle of the molecule orientation with respect
to the respective orientation layer (14, 16) seenin a
projection onto a plane perpendicular to the orienta-
tion layer (14,16) and comprising the molecule.

5. The glare protection device of one of the claims 1 to
3, wherein the angle of rotation is an azimuth zenith
angle, i.e. the angle of the molecule orientation with
respect to the respective orientation layer (14, 16)
seen in a projection onto the plane of the orientation
layer (14,16).

6. The glare protection device of one of the preceding
claims, comprising a second electro-optical cell (20)
arranged in a serial configuration with the first elec-
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10.

11.

tro-optical cell (10) and comprising two parallel trans-
parent plates (22, 28) having transparent electrodes
(23, 27) on the inner surfaces thereof and containing
a liquid crystal material (25), orientation layers (24,
26) defining an anchoring of the liquid crystal mate-
rial (25) wherein, upon application of a voltage of
lessthan 30V to the electrodes (23, 27), the molecule
orientation in the liquid crystal material (25) at the
surface of at least one of the orientation layers (24,
26) is subject to rotation of at least 10°.

The glare protection device of claim 6, wherein each
of the two electro-optical cells (10, 20) comprises a
weak orientation layer at which said rotation of mol-
ecules takes place, and an opposing strong anchor-
ing layer at which the molecules remain aligned with
the anchoring direction, and wherein the directions
of the strong anchoring layers are at least approxi-
mately opposed to one another.

The glare protection device of one of the preceding
claims, wherein at least one of the electro-optical
cells (10, 20) having a low anchoring energy is a
horizontally aligned nematic (HAN) cell without twist,
or a twisted nematic cell, or a vertically aligned
nematic (VAN) cell, or a bistable nematic cell.

The glare protection device of one of the preceding
claims, wherein at least one of the electro-optical
cells (10, 20) is a ferroelectric or a cholesteric cell.

The glare protection device of one of claims 6 or 7,
comprising two horizontally aligned nematic (HAN)
cells (10, 20), each having a weak and a strong an-
choring layer running in the same direction and par-
allel to one another, or at an angle smaller than 10
degrees, and the strong anchoring layers either both
facing the inside or both facing the outside of the
device, the device further comprising polarising
plates in between and outside the two electro-optical
cells, the polarising angles of which are at an angle
of at least approximately 45°, or at an angle between
35 and 55 degrees, with respect to the direction of
the closest orientation layer.

The glare protection device of one of claims 6 or 7,
comprising two twisted nematic cells (10, 20), each
having a weak and a strong anchoring layer running
at aright angle to one another, or at an angle smaller
than 10 degrees, and the strong anchoring layers
either both facing the inside or both facing the outside
of the device, the device further comprising polaris-
ing plates in between and outside the two electro-
optical cells, the polarising angles of which lie at least
approximately at a right angle, or at an angle be-
tween 35 and 55 degrees, with respect to the direc-
tion of the neighbouring orientation layer(s).
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The glare protection device of one of claims 1 to 11,
comprising a control means configured to control at
least one of the second and first electro-optical cells
to have a continuously varying transmittance.

The glare protection device of one of claims 1 to 11,
comprising a control means configured to drive at
least one of the second and first electro-optical cells
to one or several distinct transmittance states.

The glare protection device of one of claims 12 to
13, wherein the control means is configured to pro-
vide, to at least one of the first and second electro-
optical cells (10, 20), a periodic voltage signal (Uc)
with at least one of a variable amplitude, a variable
frequency, and a variable pulse shape.

The glare protection device of one of claims 6 to 14,
wherein the first and second electro-optical cells (10,
20) are arranged to be controlled by the same voltage
signal (Uc).

A welding mask comprising a glare protection device
according to one or more of claims 1 to 15.
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